Abstract:Utilizing the design technique of "parallel distributed compensation"(PDC), model-based fuzzy controllers are designed for both continuous-time and discrete-time dynamic fuzzy models. The stability analysis for this class of dynamic fuzzy models is studied in this paper. New stability conditions for this class of dynamic fuzzy models are presented respectively. On comparison with the existing research, the results derived are of less conservative and easy to use relatively, which is test by numerical examples.
INTRODUCTION

1
A dynamic fuzzy model is presented by S.G.Cao et al first. The main idea is to construct a set of local dynamic systems models to represent the local dynamic behavior of the system, and then to connect the set of local models by membership functions to form a global dynamic model (S.G. Cao, et al. 1997) . A dynamic fuzzy model could be considered as the extension of a T-S fuzzy system.
Let a dynamic fuzzy model be the design model (B.Friedland. 1996) . Then a model-based fuzzy controller could be designed by utilizing the technique of "parallel distributed compensation" 1 Supported by the National Natural Science Foundation of P.R.China (10276005), (90205012), National Key Project for Basic Research of P. R. China ( G2002cb312205-04) and the Basic Pre-research Project for National Defense of P. R. China (K1200060301). (Hua O.Wang, et al. 1996) . And there have been many successful applications, for example, the stable control of a double inverted pendulum is solved in (Yao Hongwei, et al. 2001 ).
Stability analysis is one of the most basic issues of fuzzy control systems. In this paper new relaxed stability conditions, which only need to calculate eigenvalues, are presented respectively for this class of dynamic fuzzy models whose controllers are designed by the technique of PDC.
The paper is organized as follows: The recast of dynamic fuzzy models is given in Section 2. The main results of this paper are presented in Section 3, and numerical examples are also given. Concluding remarks are collected in Section 4.
FROMULATION OF DYNAMIC FUZZY MODELS
A dynamic fuzzy models, which is the extension of a T-S fuzzy model, is described by a set of "If-Then" fuzzy rules. The premise part of the fuzzy rule includes linguistic information and the consequence part of the rule includes a local dynamic model. 
n are the state variables of the system, u(k)∈R p are the input variables of the system. Let µ l (x(k)) be the normalized membership function of the fuzzy set F l , where
Using a singleton fuzzifier, product inference and a center-average defuzzifier, the global dynamic fuzzy model can be expressed as follows:
For a multi-input continuous-time dynamic fuzzy model, it can be represented as (Sun ZengQi. 1998 u(k) and µ l (x(k)) in the discrete time case respectively. As the same, using a singleton fuzzifier, product inference and a center-average defuzzifier, the global dynamic fuzzy model can be expressed as following: (Hua O.Wang, et al. 1996) . For each rule, linear control design techniques can be used. The fuzzy controller shares the same fuzzy sets with the dynamic fuzzy model. Suppose the following fuzzy controller has been designed: For the discrete-time case, it can be expressed by the following m rules:
For the continuous-time case, it can be expressed as follows:
There are two strategies to determine the global control. One strategy is that the global control is equal to the local control whose membership is dominant and the other strategy is that the global control is equal to the fuzzy "blending" of local controllers. According to the first strategy, we have
(the continuous-time case), (8) where r satisfies µ r (x)=max{µ l (x)|1≤l≤m}. And with respect to the second strategy, we have
(the continuous-time case), (10) Substitute Eq.(7), (9) into Eq.(2) and substitute Eq.(8), (10) into Eq.(4) respectively, then the closed-loop systems are described by the following models:
For the stability analysis of dynamic fuzzy models described by Eq. (11) to (14), most results is to find a common positive-definite matrix P and require all or part of local models satisfy certain linear matrix inequations. Because of neglecting the effect of membership functions, these stability conditions are conservative in some sense. In our previous work, the new sufficient conditions for the stability of dynamic fuzzy models described by Eq. (11) and (12) 
} as the largest eigenvalue of the matrix Q ji , where P is an arbitrary fixed n dimension positive-definite matrix, ( i, j=1,...,m ) . To divide the m 2 eigenvalues into m parts. Each part is divided into "positive" sub-part
Theorem 1：The fuzzy dynamic system described by Eq. (11) Please notice that model (13) can be also written as
The following theorem will be derived.
Theorem 4
The fuzzy dynamic system described by Eq. (13) Notice that model (14) can be also written as
The following theorem will be derived. Proof: See the Appendix.
Remark:
Theorems from 1 to 6 only involves of corresponding eigenvalues which are easy to obtain. So they are convenient to be used in stability analysis of dynamic fuzzy models. Although these stability conditions are not related with membership functions apparently, it can be seen from proofs that they are obtained under the consideration of the properties of membership functions. And the interaction of local dynamic models is considered by means of eigenvalues. So they are more general than some existing results. The advantages of theorem 1 and theorem 2 have been given in (Ding HaiShan and Mao JianQin. 2003) . Theorem 4 is more general than theorem 3 in (Hua O.Wang, et al. 1996) . Theorem 3 in (Hua O.Wang, et al. 1996) requests that G ij T P G ij −P<0 hold for i≤j≤m. While theorem 4 in this paper only requests that λ rr <0 hold for r=1,...,m, which is equivalent to G rr T PG rr −P<0 hold for r=1,...,m. So theorem 3 in (Hua O.Wang, et al. 1996 ) is the special case of theorem 4. For the same reason, theorem 5 also includes theorem 1 in (Sun ZengQi. (1998) as a special case.
In what follows, two numerical examples will be given to illustrate the effectiveness of the theorems. Example 1: Consider the discrete-time dynamic fuzzy model used in (Hua O.Wang, et al. 1996) :
A
Membership functions and the PDC controller are chosen as the same as the ones in (Hua O.Wang, et al. 1996) , that is
If the positive definite matrix P is chosen to be , we will have that
is not satisfied. So we are not able to use theorem 2 in (Hua O.Wang, et al. 1996) . But using theorem 3 in this paper, there is λ 11 = −0. Therefore the close-loop dynamic fuzzy model is asymptotically stable. Using theorem 3 in (Hua O.Wang, et al. 1996) or theorem 4 in this paper, the same conclusion is also derived. But if the positive definite matrix P is chosen to be , theorem 2 and 3 in (Hua O.Wang, et al. 1996) as well as theorem 3 in this paper all lose its effectiveness. However, according to theorem 4 in this paper, we obtain λ (Hua O.Wang, et al. 1996) . is "near −π/3" and x 2 (t) is "near −4"
is "near π/3" and x 2 (t) is "near −4" or x 1 (t) is "near −π/3" and x 2 (t) is "near 4"
where, 
APPENDIX−PROOFS
Proof of theorem 3. First, if there exits an n dimension matrix P>0, such that S T rr PS rr −P<0, it is equivalent with λ rr <0, (r=1,..., m). So we have λ rr ∈Λ − .
Choosing as a Lyapunov function candidate V(x(k))=x
